Fifty-three consecutive patients with suspected multiple sclerosis were studied to determine if the extent of disease apparent on MRI correlated with the clinical severity of the disease. MRI images were evaluated and compared with an assessment of the patient's disability using three neurologic rating scales. The severity of the disease seen on MRI showed a strong statistically significant correlation (p = 0.0001) with two of the three methods of clinical evaluation and a significant correlation (p < 0.01) with the third rating scale. The severity of disease shown on MRI correlated only weakly (p = 0.05) with the length of time the patients had been symptomatic. Normal controls did not show any abnormality characteristic of multiple sclerosis on MRI or on neurologic exam.
MRI has been recognized as a major advance in the diagnosis and evaluation of patients with multiple sclerosis (MS) [1] [2] [3] [4] . Many more lesions are detected by MRI than by CT, and MRI has proved to be helpful in establishing the diagnosis of MS in cases where the clinical diagnosis is not definite [5] [6] [7] . Although MRI has made MS easier to diagnose at an early stage [7] , the correlation between MRI results and the clinical course and disability has been questioned [8 , 9] .
Subjects and Methods
Fifty-three patients with suspected MS were evaluated in the Department of Neurology at Indiana University using three different clinical scales. The patients were evaluated according to the McAlpine criteria as having either possible , probable, or definite MS [10] . The McAlpine criteria were converted to a numerical scale ranging from 1 (possible) to 3 (definite). Patien ts who did not qualify as having MS according to the McAlpine criteria were excluded from the study. The patients were also graded using the expanded disability status scale proposed by Kurtzke [11] , which grades the patient's disability from 0 (normal) to 10 (death due to MS) at one-half step intervals . The Kurtzke scale is designed to grade the patient's functional disability. Cerebellar dysfunction , cranial nerve deficits, and difficulty ambulating are among the functions graded by the Kurtzke scale. Finally , the patients were assigned a score from o (death) to 100 (normal) according to the neurologic rating scale of Sipe et al. [12J . The neurologic rating scale of Sipe is an additive scale based on the neurologic examination . Duration of the disease at the time of imaging varied from 1 month to 31 years. Twelve normal volunteers were also examined .
MRI was performed on a resistive scanner operating at a field strength of 0.15 Tusing two spin-echo (SE) pulse sequences. A pulse repetition rate (TR) of 2000 msec was used with an echo delay time (TE) of 120 msec, producing a T2-weiQhted scan . A second sequence was performed with a TR of 500 msec and a TE of 30 msec , producing a T1-weighted scan . Multislice technique was used , allowing simultaneous acquisition of 15 images at a slice thickness of 1 cm, for a TR of 2000 msec. At a TR of 500 msec, 11 simultaneous images at a 1.5-cm slice thickness were acquired . All images were taken in the axial projection, with additional images in the sagittal proj ection taken when lesions were identified within the brainstem.
All images were evaluated by three independent observers, who noted the number and size of lesions on the SE 120/2000 images as well as the degree of atrophic change on the SE 30/5 00 images . Images were graded using a scale of 1-5. Normal images were graded 1 ( Fig. 1) . Images showing only one to three lesions were assigned a score of 2 ( Fig.  2) . Images with four to eight lesions were graded 3 ( Fig . 3) . Images w ith nine to 13 lesions and only one or two confluent lesions were graded 4 (Fig. 4) . Images with 14 or more lesions showing extensive confluence of lesions in the periventricular region , with atrophic changes , were given th e grade of 5 (Fig . 5) .
The MRI grading scale was proposed by the senior author of this paper and explained to the other two authors using Fig ures 1-5 . The scans were then evaluated independentl y by the three authors. When disagreement among the three observers occurred, the grade given by two of the three was used for statistical analysis.
The severity of the involvement seen on MRI was then correlated statistically with the clinical severity of the disease, as well as with the length of time the patient had been symptomatic. The statistical analysis included calculation of the p and r values for each correlation.
Results
There was an excellent level of agreement among the three observers in the determination of the severity of disease with MRI ; they disagreed on only eight of the 53 images, and in those eight cases the observation of one observer differed from the other two by only one grade. The results of the study are summarized in Table 1 . Seventeen patients had normal MRI exams. The number of patients in the remaining four MRI grades, in order of increasing severity, were eight, eight, nine, and 11 .
A strong statistically significant correlation was found be- with lesion localization [9] , and may have no correlation with severity of disease [8] . In our study, a highly significant relationship was demonstrated between MRI and the severity of clinical disease. This may be due to the larger sample of patients in our study compared with previous reports. The use of the Kurtzke and Sipe criteria may have also contributed to the improved statistical correlation. The Kurtzke and Sipe criteria probably correlated more closely to the MRI than did the McAlpine criteria because the McAlpine criteria, using only three grades, is designed primarily to diagnose MS and is a relatively insensitive measure of neurologic dysfunction. Although statistically significant Ip = 0.0001), the correlation was only moderate (r = 0.4-0.6) between the MRI results and the neurologic status of the patient. The lack of strong correlation can be explained by several limitations. Our study did not include the spinal cord , which is frequently the site of symptomatic lesions [9] . Another frequent site of symptomatic abnormality in MS is the optic nerve. MRI has been disappointing because of its inability to detect demyelinating lesions of the optic nerve [9] , and not one was seen in this series. Another limitation of MRI is its inability to distinguish acute demyelinating plaques from chronic lesions. Johnson et al. demonstrated that acute plaques appear much larger than subacute or chronic lesions of MS, and the same lesion may appear quite different as the disease progresses [13] . In addition, MRI may show many lesions in neurologically silent regions as well as many small lesions causing little neurologic deficit. The sensitivity of lesion detection is also limited by the quality of the images obtained on our resistive magnet system. These limitations may account for the lack of strong correlation between MRI and the clinical examination.
Because of these limitations, MRI should be used cautiously as a prognostic indicator of clinical disease in the individual patient. Although MS has a waxing and waning course , there is a relentless tendency toward progressive involvement of cerebral tissue as the disease advances [14 , 15] . In spite of the limitations mentioned above, the significant correlation found in this study confirms the ability of MRI to monitor the progression of the disease.
The finding of a strong statistically significant correlation between the severity of disease shown on MRI and accepted neurologic rating scales gives added validity of the use of MRI in the long-term evaluation of patients with MS. More advanced disease is usually found at autopsy than suspected by the clinical examination of the MS patient [13] [14] . Therefore, to effectively monitor the response to therapy, an objective method of measuring the progress of individual lesions is necessary [16] . MRI may be an acceptable tool for monitoring the progress of the disease and the response to drug therapy . The ability to observe asymptomatic lesions and to objectively measure the extent of disease involvement may prove that MRI is of significant value in the evaluation of MS patients.
